Industrial Inc., 99%), ethyl levulinate (EL, TCI, >98%), butyl levulinate (BL, TCI, >98%), acetic acid (Guangdong Guanghua Sci-Tech Co., Ltd., ≥99.5%), sodium borohydride (NaBH 4 , Sinopharm Chemical Reagent Co., Ltd., ≥97%), and H 2 (Shanghai Pujiang Special Gas Co., Ltd, 99.999%). Deionized water with a resistance larger than 18.2 MΩ was obtained from a Millipore Milli-Q ultrapure water purification system. X-ray powder diffraction (XRD) patterns were obtained on a Philips PW3040/60 diffractometer using Cu Kα radiation (40 kV, 40 mA, λ =0.1542 nm). N 2 adsorption isotherms were measured at −196 °C on a Micromeritics ASAP 2020 instrument. The samples were outgassed under vacuum at 150 °C for 12 h, prior to the adsorption measurements.
Infrared (IR) spectra were collected on a Nicolet NEXUS670 Fourier transform IR spectrophotometer in KBr disks at room temperature. Thermogravimetric analysis (TGA) was performed using a Rigaku Thermo plus EVO2 thermal analyzer under a flowing N 2 gas (40 mL/min) with a heating rate of 10 °C/min.
The surface electronic states were investigated by X-ray photoelectron spectroscopy (XPS, Thermo VG ESCALAB250 using Al Kα radiation). The XPS data were internally calibrated, fixing the binding energy of C 1s at 284.6 eV.
The Ru contents in the various catalysts were determined quantitatively by using an IRIS Intrepid II XSP inductively coupled plasma-atomic emission spectrometer (ICP-AES).
Transmission electron microscopy (TEM) observations were carried out on a JEOL JEM-1200 working at 200 kV.
Scanning electron microscope (SEM) was performed on a Hitachi S-4800 apparatus.
Besides, energy-dispersive X-ray spectroscopy (EDS) elemental mapping analyses were also performed to confirm the presence and the distribution of Ru nanoparticles.
The Brönsted acid amount in SO 3 H-UiO-66 was determined by the acid-base titration method. Typically, 0.2 g of the pre-dried SO 3 H-UiO-66 was suspended in 40 mL of saturated aqueous NaCl solution (~5.0 mol/L). The resulting suspension was gently stirred for 48 h at room temperature for a thorough cation exchange between acidic proton of SO 3 H- and Na + from the solution. After that, the suspension was filtrated and the filtrate was titrated by using 0.1 mol/L NaOH to quantify the acidic proton exchanged out during the previous step.
Synthesis of SO 3 H-UiO-66
Typically, ZrCl 4 (0.12 g, 0.515 mmol), H 2 BDC (0.064 g, 0.386 mmol) and 2-NaSO 3 -H 2 BDC (0.035 g, 0.129 mmol) were dissolved in a mixture solution containing 27 mL DMF and 3 mL acetic acid, followed by stirring for 30 min to obtain a homogeneous solution. The solution was then transferred into a Teflon-lined stainless-steel autoclave (100 mL) and thermally reacted at 120 °C for 36 h under static conditions. The obtained solid was washed with 40 mL of DMF three times followed by washing with 40 mL of methanol three times.
During each wash, the suspension was kept at room temperature for 24 h before being centrifuged. Finally, the solids were thermally treated at 150 °C for 4 h under vacuum. Typical SEM image and corresponding elemental mapping images of (B) Zr, (C) S, and (D)
Ru.
